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Abstract
In this note a proof for nonexistence of a solution for reverse radial stagnation flow on a cylinder is given. The
results are valid for either suction or blowing on the cylinder wall.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction
Recent work by the authors has explored the behavior of radial stagnation flow impinging on a cylinder
with wall transpiration (suction or blowing) through the cylinder surface [1,2]. A natural question arises
concerning reverse radial stagnation flow for this configuration. The axisymmetric reverse stagnation
potential flow in (r , z) cylindrical coordinates with uniform suction velocity U0 consists of radial and
axial velocities (u, w) given by
u = k
(
r − a
2
r
)
− U0, w = −2kz, (1)
where k is the strain rate and a is the cylinder radius. The inviscid streamline pattern in a meridional
plane, sketched for zero transpiration (U0 = 0) in Fig. 1, shows a stagnation circle at r = a, z = 0.
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Fig. 1. Schematic diagram of the cylinder of radius a showing the (r , z) coordinate system and suction velocity U0. The inviscid
meridional streamline pattern shown is for zero suction in which case there exists a stagnation circle at r = a, z = 0 as
indicated.
Though it is well known that solutions for reverse stagnation flow on a flat plate, with or without
transpiration, do not exist (see below), one of the authors (PDW) conjectured that, owing to the reduced
radial volume flux in the cylindrical configuration compared to the planar case, it might be possible
to have a reverse radial stagnation flow with sufficiently strong suction. Indeed, an investigation was
initiated to determine the minimum value of the suction parameter S (defined below) at which solutions
exist. Numerical integrations at large values of S appeared to give converged solutions, but difficulties
were encountered at low values of S. Until this study resolved the issue, it was assumed that those
difficulties were due to equation stiffness rather than nonexistence of solutions.
Nonexistence of a solution for reverse planar stagnation flow of the 2D Hiemenz [3] type with
either suction or blowing can be established using a method given by Hardy [4]. The purpose of this
note is to prove that no solution exists for the reverse radial stagnation flow problem, with or without
transpiration. The change of variable analysis given by Hardy [4] does not apply to the present problem.
The nonexistence result established here is obtained through direct analysis of the ODE governing 3D
reverse radial stagnation flow but also applies to the 2D reverse stagnation point problem, giving an
alternative proof of that result.
The viscous formulation of the problem is obtained using the following coordinate separation of the
velocity field
u = ka√
η
f (η), w = −2k f ′(η)z, (2)
where η = (r/a)2 is the dimensionless radial variable. Inserting this into the Navier–Stokes equations
and matching with the outer potential flow (1) yields the following boundary value problem for f (η):
η f ′′′(η) + f ′′(η) + R[ f ′(η)2 − f (η) f ′′(η) − 1] = 0, 1 < η < ∞ (3)
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subject to:
f (1) = −S, (4a)
f ′(1) = 0, (4b)
f ′(∞) = 1 (4c)
where the Reynolds number R > 0 and the dimensionless transpiration rate S are defined by
R = ka
2
2ν
, S = U0
ka
and U0 is the radially inward wall transpiration velocity as depicted in Fig. 1. With this notation, S > 0
corresponds to wall suction and S < 0 corresponds to wall blowing.
2. Analysis
Before we prove nonexistence of a solution to the BVP ((3)–(4)), we first indicate some properties of
the differential equation (3). Note that f ′ can only have a maximum if f ′ > 1 or f ′ < −1. Conversely,
f ′ can only have a minimum in the range −1 < f ′ < 1. Finally, f ′ cannot have an extremum right at
±1 since at such an extremum f ′ = ±1, f ′′ = 0 and from (3) we see that f ′′′ = 0 which would imply
that f ′ ≡ ±1, a contradiction since f ′(1) = 0.
Theorem. Given any R > 0 and any −∞ < S < ∞, no solution to the BVP ((3)–(4)) exists.
Proof. First we show that a solution f ′(η) cannot ultimately approach 1 from below. For the sake
of contradiction, suppose such a solution exists. Then for η large we will have 0 < f ′ < 1 and
limη→∞ f ′(η) = 1. Also note that as f ′ approaches 1 from below it must ultimately do so monotonically
since f ′ cannot have a maximum in the range −1 < f ′ < 1. Finally, note that since f ′ → 1, we have
f → ∞. Thus, ultimately, f (η) > 2/R regardless of the initial value f (1) = −S. Thus we can find
a point η0 > 1 such that f ′′(η0) > 0 and for all η ≥ η0 we have f (η) > 2/R, 0 < f ′(η) < 1 and
f ′′(η) ≥ 0. Substituting this information into (3) we conclude that
f ′′′(η) = [ f ′′(η)(R f (η) − 1) + R(1 − f ′(η)2)]/η > 0 (5)
for all η ≥ η0. Integrating f ′′′(η) > 0 from η0 to η > η0 we get f ′′(η) > f ′′(η0) = K > 0. Another
integration yields f ′(η) > f ′(η0)+ K (η − η0). Letting η → ∞ we conclude f ′(η) → ∞ contradicting
(4c). Thus no solution exists where f ′ approaches 1 from below. A similar argument shows that a solution
f ′ cannot approach 1 from above.
This leaves only the possibility that f ′ oscillates about 1 as f ′ → 1. But this would imply an infinite
number of changes in concavity of f ′ as η → ∞. These changes in concavity would necessarily have to
continue after f eventually becomes greater than 2/R. We claim that after f becomes greater than 2/R,
if f ′ ever changes from concave up ( f ′′′ > 0) to concave down ( f ′′′ < 0), it cannot turn concave up
again. For this to occur would require a point η1 such that f (η1) > 2/R, f (iv)(η1) = 0 and f (v)(η1) ≥ 0.
Differentiating (3) twice results in
η f (v)(η) + (3 − R f (η)) f (iv)(η) + R f ′′(η)2 = 0. (6)
Evaluating this at η1 yields
η1 f (v)(η1) = −R f ′′(η1)2 ≤ 0. (7)
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If f ′′(η1) 	= 0 we get an immediate contradiction. If f ′′(η1) = 0, then using this along with
f (iv)(η1) = 0 in the equation for f (iv),
η f (iv)(η) + (2 − R f (η)) f ′′′(η) + R f ′(η) f ′′(η) = 0, (8)
implies that f ′′′(η1) = 0 (since f (η1) > 2/R). But from (3) we see that f ′′(η1) = f ′′′(η1) = 0 implies
that f ′(η) ≡ 1, giving the desired contradiction.
Thus, since f ′ cannot ultimately approach 1 from above or below, nor in an oscillatory manner, no
solution to the BVP ((3)–(4)) exists.
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